Motor vehicle rollover crashes result in complex occupant kinematics with the potential for severe injury. Five cases of fatal asphyxia in occupants suspended from their safety belt upside down after a rollover crash are presented. These fatalities accounted for 13.5% of all motor vehicle related asphyxia deaths in San Diego County over a 10-year period. This study supports previous research noting that incapacitation due to other injuries, alcohol, or obesity may be associated with fatal positional asphyxia due to inversion during rollovers. Safety belts are proven to prevent serious injury in motor vehicle crashes and should always be worn. However, redesign of the buckle could be considered to permit easier release by an occupant. We also suggest that pre-existing heart disease may contribute to the possibility of a fatal asphyxia outcome. Although this is a rare cause of motor vehicle related death, our results suggest that these are potentially preventable deaths.
M otor vehicle rollover crashes result in complex occupant kinematics with the potential for severe injury. However, because energy is exchanged over a relatively longer time during a rollover than a horizontal impact, occupants may not always sustain severe injury. Rollovers account for only about 3% of crashes, but 33% of all motor vehicle fatalities are due to rollovers. 1 There have been isolated reports of fatal positional asphyxia of occupants involved in motor vehicle crashes, including rollovers. [2] [3] [4] [5] Positional asphyxia occurs when a person cannot voluntarily change from an abnormal position that may interfere with ventilation. There are different explanations in the literature as to how fatal asphyxia occurs for persons in an inverted position. Death in this position may result not only because of the mechanical interference with breathing in an inverted position, but also due to the pathophysiologic effect of being upside down. One study proposed death occurred from respiratory muscle fatigue due to the abdominal organs pressing against the diaphragm. 6 These authors suggest cardiac arrest occurs when there is severe hypoxia of the myocardium. Other researchers have suggested hemodynamic effects related to an increase of hydrostatic pressure in the head, neck, and thorax limiting the venous return of blood to the heart may be important in positional asphyxia. 7, 8 We present 5 cases of fatal asphyxia in occupants suspended upside down from their safety belt after rollover crashes in San Diego County, California during 1995 to 2004.
METHODS
Cases were identified through text string searches of the San Diego County Office of the Medical Examiner database. Cases were defined as occupants dying in motor vehicle crashes during 1995 to 2004 with "asphyxia," "asphyxiation," "suffocation," or "compression" listed as a cause of death. Data were abstracted from the investigative, toxicology, and autopsy reports. All of these deaths had scene investigations and all were autopsied. A team consisting of a forensic pathologist, emergency medicine physician, trauma nurse/forensic scientist, and an epidemiologist reviewed all case files and scene photographs. The mechanism of asphyxia was determined and used to classify these deaths as positional asphyxia, regardless of what was originally specified on the death certificate.
Decedent characteristics including demographics, height, weight, body mass index (BMI), and pre-existing comorbidity were assessed. Occupants with a BMI 25 to 29.9 kg/m 2 were classified as overweight and those with a BMI 30 kg/m 2 or greater were considered obese. Crash characteristics including use of safety belts, seating position, ejection, crash type, and vehicle type were included in the analysis.
Toxicology tests for blood alcohol levels (milligrams percent) and selected drugs of abuse were obtained for all deaths. Gas chromatography was used to obtain peripheral blood alcohol levels. The drug screen included opioids, cocaine, phencyclidine, and methamphetamine for deaths before July 2002. Drugs of abuse were presumptively identified using radioimmuno or enzyme-linked immunosorbent assay on blood samples. All positive drug tests were confirmed by gas chromatography/mass spectrophotometry which also was used to screen for other drugs in select cases as indicated by known medication history.
Severity of injuries sustained by occupants during the crash were coded using the Abbreviated Injury Scale (AIS). 9 Univariate and bivariate analyses were used to characterize motor vehicle related asphyxia deaths using Excel.
This article describes 5 asphyxia deaths due to upside down suspension from a safety belt after a rollover crash.
RESULTS
There were 5 deaths due to inversion from safety belts identified in San Diego County during 1995 to 2004. This accounted for 13.5% of all motor vehicle related asphyxia deaths during this period. Table 1 provides summary information and each case is described below.
Case 1
A 58-year-old obese (BMI ϭ 38.6) man, 225 pounds, 5 ft 4 in tall, with cardiac hypertrophy died after the full sized pickup truck he was driving ran off the roadway, down a ravine, rolled several times and came to rest upside down in a stream bed. The truck came to rest on the roof, but there was minimal vertical crush because the truck landed in a depression created by a streambed. He sustained bilateral rib fractures (AIS 4) and a small subdural hematoma (AIS 4) that would not have caused death at the scene but may have contributed to his inability to remove himself from an inverted position. The crash was witnessed and Emergency Medical Services (EMS) arrived 13 minutes after the incident finding him suspended upside down by his safety belt. After cutting the safety belt and removing him from the vehicle, he was pronounced dead. At autopsy, he was found to have conjunctiva petechiae and petechial-like hemorrhages on his arms and chest. His head and neck were congested. Investigators noted his "breathing was likely to have been impaired by his large abdomen compressing his heart and lungs when he was in the inverted position." Toxicology results were negative for alcohol, cocaine, opiates methamphetamine, and phencyclidine.
Case 2
A 38-year-old obese (BMI ϭ 31.4) man, 183 pounds, 5 ft 4 in tall with severe coronary artery disease and mild hypertrophic cardiomegaly died after the mid sized automobile he was driving struck a pole guide wire, went airborne over an embankment, struck a tree and building and overturned. The vehicle landed on the roof with some vertical crushing. The crash was witnessed and the decedent was pronounced dead by law enforcement before arrival of EMS. He was found suspended by his safety belt with his head resting on the roof and his chin against his neck. No injuries other than contusions and abrasions were noted at autopsy. He had conjunctiva, skeletal, and eyelid petechiae. There was general congestion of his viscera and pulmonary edema. Toxicology results were positive for blood alcohol (0.16%) and negative for cocaine, opiates methamphetamine, and phencyclidine.
Case 3
A 71-year-old man, 164 pounds, 6 ft tall (BMI ϭ 22.2) with a history of chronic obstructive pulmonary disease, moderate 2 vessel coronary atherosclerosis disease, and moderate aortic atherosclerosis, arteriolonephrosclerosis, and moderate cerebrovascular atherosclerosis died when the full sized automobile he was driving ran off the roadway and rolled, landing on its roof. This was an unwitnessed incident and it was unknown how long he was inverted before death. He had facial, conjunctiva, and gingival petechiae and suffusion of his upper trunk and neck. He had serious (AIS 3) rib fractures. Acute alcohol intoxication was noted as contributing to his death, but blood alcohol levels were not available. Toxicology results for drugs were not available.
Case 4
This is a 34-year-old obese (BMI ϭ 35.6) man, 234 pounds, 5 ft 8 in tall who died when his full sized pickup truck ran off the road, struck an embankment and rolled over. The cab was crushed and his head was hyperflexed forward against his chest. He was suspended from the safety belt with his shoulders, neck, and head extending out the driver door. There were no injuries except for lacerations, abrasions, and contusions of his skin, and subgaleal hemorrhages. He had pleural and conjunctiva petechiae and congestion of his internal viscera. Toxicology tests showed a 0.18% blood alcohol level. Tests for cocaine, opiates methamphetamine, and phencyclidine were negative.
Case 5
This is a 66-year-old obese (BMI ϭ 38.4) woman, 210 pounds, 5 ft 2 in tall who died when her full sized automobile ran off the road, went down an embankment, and rolled over. The incident was not discovered for almost 24 hours. When found she was suspended upside down from the safety belt. She had extensive facial contusions, serious rib fractures (AIS 3), a moderate (AIS 2) fracture of her right wrist, and extensive, moderately severe subgaleal hemorrhage. At autopsy, it was noted that she was alive for some time after the crash because of the amount of hemorrhage from minor injuries. The report also specified that she might have had an altered level of consciousness (due to her head injury) that may have made it difficult for her to remove herself from the inverted position. Her obesity possibly contributed to her death because it would make breathing difficult in an upside down position. Toxicology results were negative for alcohol, cocaine, opiates methamphetamine, and phencyclidine.
These deaths all occurred because the drivers were suspended upside down from their safety belt after a rollover crash in which the vehicle came to rest on its roof. These occupants may have been unable to modify their position due to various incapacitating factors such as blunt force trauma, alcohol intoxication, or obesity. Obesity and alcohol have been previously noted to be potential risk factors for asphyxia death during motor vehicle crashes. 3 Painful injuries (eg, rib fractures) also may have restricted breathing, relating to decreased ventilation. Two of the crashes were not witnessed and the subsequent delay in EMS notification and response may have contributed to death. Pre-existing heart disease in 3 decedents may have contributed to asphyxia death. Other research on positional asphyxia has suggested that cardiac arrest occurs due to inadequate circulation and myocardium hypoxia. 6, 10 
DISCUSSION
This article highlights a rare cause of death from motor vehicle crashes. These decedents did not have severe blunt force injury and likely would have survived the crash if they could have moved from their inverted position. They may not have been able to modify their position due to obesity, alcohol, or other injuries possibly resulting in loss of consciousness.
Safety belts are proven to prevent serious injury in motor vehicle crashes and should always be worn. The deaths described here resulted because the occupant could not release their safety belt buckle, allowing them to change from an inverted position. As motor vehicle manufacturers continue to improve safety belt design, redesign of the buckle could be considered to permit easier release by an incapacitated occupant.
It is unknown what role pre-existing heart disease played in the death of these occupants. This has not been previously associated with positional asphyxia deaths in motor vehicle occupants.
In summary, this study supports previous research noting that incapacitation due to other injuries, alcohol, or obesity may be associated with fatal positional asphyxia due to inversion during rollovers. We also suggest that preexisting heart disease may contribute to the possibility of a fatal outcome. Although this is a rare cause of motor vehicle related death, our results suggest that these are potentially preventable deaths if the occupant can quickly be removed from their inverted position.
